Computers have been used by a few anaesthetists for teaching purposes for a number of years. Well constructed programs have the capacity to realistically present material which would not be available by other teaching methods. The advent of small portable computers has made this powerful teaching aid potentially available to a much larger group. It is likely that computer aided learning has a significant future in anaesthetic training and, in particular, for continuing medical education.
Use of the computer for learning in medicine is not new. In 1977 the National Council for Educational Technology in Britain reported on developments up to that time, I a period of slower development following on the upsurge of computer technology which had originated in North America during the late 1950s and 1960s. A major difficulty in providing a concise summary of the place of the computer in the teaching of anaesthetists is the diversity of uses to which the computer has been put as a learning aid. Added to that, there have been relatively few reports of computer learning associated specifically with training of anaesthetists. Amongst studies and reviews which have been published is the report by Attia, Miller and Kitz 2 concerning the teaching of cardiopulmonary resuscitation, that from Abrahamson, Denson and Wolr dealing with a computer controlled patient simulator, and an early Australian review of the potential of computers in anaesthesia and education. 4 Thornton and colleagues 5 have reported on the use of various analogues in anaesthetic education as has Mapleson more specifically in relationship to pharmacokinetics. 6 more generally at the place of the computer in medical education, it is apparent that this has varied widely in different institutions. For example, The University of Illinois,7 Ohio State University and St. Bartholomew's Hospital 9 have all incorporated computer aided learning deeply into their undergraduate curricula while other centres have had interest as well in graduate medical education. Notable amongst these have been the unit at the Massachusetts General Hospital lO and that at the University of Leeds. 11 A recent editorial in the Lancet l2 has discussed the current status of computer aided learning in Great Britain. Although visual presentation (on the screen of a computer terminal) is a most effective way of displaying information, it can readily exceed the students' powers of absorption. Moreover, what suits one person's learning techniques may be quite inappropriate for another. Nonetheless, computer aided learning is popular and it can be shown that skill in responding correctly to programs grows with practice. 13 At a recent meeting in Christchurch over 90070 of those anaesthetists completing two sample programs were favourably impressed by their teaching potential. McIntyre l4 has reported on the ready acceptance of a computer based teaching program in anaesthesia. 
Problems with computer aided learning
In Christ church the Department of Anaesthesia has had an interest in computeraided learning since the installation of a DEC PDP 11170 system in 1976. Our experience with the use and development of a number of learning programs together with problems associated with their use is relevant to the present review.
Interaction with the program
It is not reasonable to expect all doctors and students to become experts in computer operation so that communication between machine and student has the potential to be a significant barrier to effective program use. The lack of familiarity of most medical users, both graduate and undergraduate, with "machine languages" imposes significant limitations on program operation. Ideally computer input would be by voice or at least "free language" written format. Attempts at voice communication have only been experimental and although "free language" written communication programs have appeared, they tend to be somewhat restrictive in their allowable terminology. For example, a program written for North American physicians can be found to use terms which are quite inappropriate for an Australasian group. Operating procedures must be kept simple and there must be protection against program crashes when a wrong instruction is inadvertently given. In multi user systems, this problem can be dealt with by the use of a command program which minimises the number of steps necessary to run learning programs and also allows for partially automatic control over their operation. This problem is less marked when minicomputers, capable of handling only the one task are being used. Nevertheless, under all circumstances, operating instructions must be simple with frequent prompts as to available choices. This is well exemplified in the MAC series of programs (see typical screen format in Figure 1 ) where the program running instructions constantly appear at the bottom of the screen. An advanced user can use a shorthand which greatly increases speed of interaction with the program.
It is fair to say that successful computer aided learning programs can be effectively used Anaesthesia and Intensive Care, Vol. X, No. 3, August, 1982 with minimal knowledge of computers or of how the program is handled by the machine. The tendency with newer systems appears to be to use a visual display unit (VDU) rather than a printer output. The VDU has the advantage of speed but the lack of hard copy for the student to refer back to may present problems. For this reason a facility to recall earlier parts of the program is desirable and has been found to provide valuable reinforcement of the learning process. , Z Interaction with the computer also implies that the machine will speedily respond to commands from the user. In a multi user system, periods when the system is working on another problem can lead to considerable user frustration. Certainly a large computer has the capacity to cope with complex teaching programs but the increase in the capacity of 'micro' systems means that many programs which formerly required quite a large system can now be run on the smaller independent machines and so do not present the user with the aggravation of an apparently nonresponsive terminal.
Program preparation
The preparation of any audio-visual material, and particularly the majority of computer aided learning programs, is time consuming. The latter can range from a simple 'linear' format where the user proceeds through the program in a sequence determined entirely by the tutor to 'branching' formats where decisions by the user result in alternative pathways which mayor may not return to a common 'destination'. More complex still are programs such as the 'MAC' family where the user not only has a free choice of movement within the program but also has the ability to control many of the variables used by the program in calculating the information it will present to the user. Fortunately there are many good programs available and, at least in Australasia, not on a profit motivated basis. In North America there are many sophisticated and widely based systems, a notable example of which is the network originating from the Massachusetts General Hospital and Ohio State UniversitylO and the PLATO system originated by Control Data. Such systems are expensive and probably beyond the means of both institutions and individuals in Australasia.
Regrettably the wide variety of machine languages and operating systems used makes transfer of programs from one system to another difficult. Unfortunately there is no universal computer aided learning language, notwithstanding attempts to produce a satisfactory one.
The majority of medical schools in Australasia have computer aided learning programs available through computer systems of varying size. As a single example, Madsen and Bell 1s incorporated their PHIAS program of multiple choice questions into an undergraduate clinical pharmacology program.
In the Christchurch Clinical School we have adapted a program originated by Dr. Neil Padget of Monash University to local needs. This allows for the development of patient management problems which can gradually present information to the student and extract relevant answers in a structured question and answer sequence.
The computer as a tool in anaesthetic teaching
It is first necessary to specify some objectives of teaching by the computer. The following are suggested as being appropriate but are not presented in a ranking order of importance.
(i) To give familiarity with basic computer operation. The computer is playing an increasingly important part in many aspects of living -both professional and personal -so that it is reasonable to expect some knowledge of its capability as part of the training of any anaesthetist.
(ii) To provide material not readily available by other teaching techniques. Although this could be examined in terms of many available programs, its relevance to anaesthetic training can be exemplified by a program recently developed in this department. 16 This program calculates and displays pharmacokinetic data in relation to the uptake and distribution of halothane. Additional data on cardiovascular and respiratory status can be displayed. It is possible to make various alterations to values used in the program: for example, to hold ventilation at a constant value rather than varying it according to 'depth' of anaesthesia. It thus becomes possible to compare the effects of controlled ventilation and spontaneous ventilation on rates of uptake into specified body compartments. The effect can be seen by comparing Figures 2 and 3 . reproduce clinically unobtainable data. It should be stressed, however, that the realism has its limitations in terms of the display format -there is a world of difference between a cyanosed patient and a note of 50070 haemoglobin saturation on a computer screen. Further limitations may be inherent in the computer program design. For example, in the halothane program discussed above there is no provision to include the effects of nitrous oxide on halothane uptake or elimination or the effects of changes in dead space which accompanies a change in cardiac output.
(iii) To allow a learning experience at a rate and time decided upon entirely by the student. This has been cogently argued in the review by Hoffer and colleagues,1O but as McIntyre l4 has pointed out, discussion with a skilled clinician in the working environment can have a variety unlikely to be matched by any computer program and can be correlated with clinical situations virtually impossible to reproduce exactly in simulations. It has been our experience that all learning programs must be associated with the name of a local "resource person" who is familiar with that program and who is prepared to discuss students' problems with them. While supervision may not be immediately available, the student must have access to help within a reasonable time.
(iv) To save teaching time in respect of the repetitious presentation of material. This implies a computer based tutorial system and presentation of core material regarded as a mandatory part of any course. Although this Anaesthesia and Intensive Care, Vol. X, No. J, August, 1982 has been adopted with success in many undergraduate teaching programs, we have adopted the attitude that the Christchurch computer aided learning facility should be regarded as a voluntary adjuvant to other teaching methods. There is evidence that computer aided learning serves to enhance ability to make patient management decisions,17 but probably is best used to supplement material presented by other methods. Such an approach takes note of the different ways in which students best assimilate knowledge. For a few the programs can provide a continuing challenge and motivation. For others, the learning would be better conveyed by tutorials, reading or lectures.
Graduate self assessment in anaesthesia
The increasing availability of microcomputers has greatly increased the potential for computer aided learning programs to be used in smaller institutions and at home. The Glasgow grouplS have stressed the advantages of complete anonymity and of work at Cl time convenient to the clinician. This has obvious advantage both to the vocational trainee in anaesthesia and to a senior anaesthetist taking part in continuing medical education. At the Association of Anaesthetists meeting in Britain in 1979 a trial of 2 learning programs was completed by 56 anaesthetists. It was interesting that senior consultants scored significantly lower marks than senior registrars. Ninty-three per cent of those participating found the presentation helpful. These results do suggest the method may be of value as a graduate educational tool. In another studyt9 the Glasgow group showed computer aided learning to be superior to a tutorial presentation when identical material was presented by the two methods.
Conclusions
It is apparent that many computer based teaching programs of interest to anaesthetists are available. Moreover, the computer has been shown to be an effective teaching tool. In some areas computer based simulations can provide material not readily available from other sources. In most it can act to complement more traditional teaching methods and, as shown by the Glasgow studies, with significant success. The basic requirement is a Willingness to explore the method. It is likely that many programs will become available for selfinstruction. It is to be hoped that the multitude of computer languages do not lead to a computing "Tower of Babel".
